tention, chiefly through the emphasis given to it by Peters et al. (2) . Thompson and Johnson concluded that the major portion of the increase in bisulphite binding substances (B.B.S.) in the blood of pigeons and rats severely deficient in vitamin B1 was due to pyruvic acid. On the other hand, Sherman and Elvehjem (6) found no increase in the B.B.S. in the blood of chickens deficient in vitamin B1, but did find that these birds, in contrast to normal birds, showed a sharp rise in blood B.B.S. after the intravenous injection of sodium pyruvate. Platt and Lu in a recent report (7) state that the increases in B.B.S. in the blood of fulminating cases of beriberi are due mainly to pyruvic acid. For 2 years an investigation has been in progress in this laboratory on patients with symptoms and signs of vitamin B1 deficiency closely resembling those seen in oriental "wets" beriberi (8, 9) . The present study of the B.B.S. in the blood was undertaken in order (1) to throw further light on the relationship of these cases of vitamin B1 deficiency to those reported in other parts of the world; (2) to relate the B.B.S. in the blood to clinical and laboratory findings in various medical diseases in order to determine the factors which influence the B.B.S.; and (3) to ascertain the diagnostic and prognostic value of measurements of the B.B.S. in the blood.
SELECTION OF CASES
The present communication reports the findings in a group of 174 persons, consisting of 30 normal subjects and 144 patients. The control subjects were members of the hospital staff and were free from any evidence of disturbed metabolism, infection or vitamin deficiency. The patients were chosen from the medical wards of this hospital and were predominantly persons with metabolic disturbances, including vitamin B1 deficiency. An additional group of patients was selected in order to determine the r6le of certain diseases which frequently complicate vitamin B1 deficiency, such as alcoholism.
The distribution of the patients is shown in Table I . In assigning a patient to the group with probable vitamin B1 deficiency, the presence of one or more of the following clinical criteria was required in addition to a history of a diet grossly deficient in vitamin B1 and improvement after vitamin B1 therapy: peripheral polyneuritis, pellagra, Korsakoff type of psychosis, congestive failure of the circulation without any other adequate explanation than vitamin B1 deficiency, or polyavitaminosis with malnutrition. It is appreciated that such a classification is not rigidly accurate as the criteria used depend largely on the interpretation of history and physical findings. Furthermore, it is recognized that the patients in this group usually suffered from a deficiency not only of B1 but also of the other fractions of the vitamin B complex as well as a deficiency of other vitamins. Because of the frequent association in this hospital of chronic alcoholism with avitaminosis, a relatively large number of alcoholic patients were included.
Certain patients were treated during the period of observation with the specific therapy required for their condition. In such cases repeated observations were usually made both before treatment (Part A of the tables) and after treatment (Part B). Attention is called to these cases by means of an asterisk. Because of lack of space only one series of observations before and one series after treatment are presented.
METHODS
Blood was taken from patients fasting and at rest and delivered into bottles containing dry potassium oxalate. Duplicate samples were analyzed without delay.
Bisulphite binding power. Slight modifications were made in the method of Clift and Cook (10) in order to adapt it to whole blood determinations. Five ml. of oxalated blood were precipitated with 20 ml. of 10 per cent trichloracetic acid, allowed to stand 30 minutes and centrifuged. The clear supernatant fluid was removed from the precipitated protein. Determinations were made immediately, although it was found that the protein-free filtrate might be kept in the ice chest overnight without change in bisulphite binding power.
Five ml. aliquots of the supernatant fluid were adjusted to pH 2 by the addition of 1.5 ml. of normal sodium hydroxide, and allowed to react for at least 15 minutes with 0.2 ml. of saturated sodium bisulphite solution. Accurate control of the pH is not essential, but the alkalinity should not be permitted to rise above pH 4 .
The solution was then diluted with 25 ml. of distilled water, 2 ml. of freshly prepared 1 per cent starch solution added, and the excess of bisulphite titrated out, first using normal and N/10 iodine solutions and finally adjusting the end point with N/200 iodine and N/100 thiosulphate solutions. The volume at the end of this part of the procedure should be approximately 65 ml. The preliminary dilution prevents the formation of a yellowish compound, probably an iodate-iodine combination, which may cause high results. At pH 2 the reactions of iodine and thiosulphate solutions proceed more slowly than when the solutions are acid with 6 N hydrochloric acid, as is usual in iodimetry. For this reason the titration of excess bisulphite must be done slowly; otherwise some thiosulphate remains unchanged and increases the bound bisulphite titer. (12, 13) and carbon dioxide capacity by the method of Van Slyke (14). Urines were examined for acetone and diacetic acid by the routine clinical tests, and in addition for pyruvic acid by a modification (15) of the Simon-Piaux method.
RESULTS
The bisulphite binding power of the blood in the normal subjects ranged from 3.7 to 5.8 mgm. per 100 ml. of whole blood, with an average of 4.7 mgm. It has been arbitrarily decided to consider all values above 6 mgm. per 100 ml. as increased, and values below 3.5 mgm. per 100 ml. as decreased. The bisulphite binding power of the blood in con-sugar, acetone and diacetic acid in the urine. ditions other than vitamin B1 deficiency Cases in the " regulated " group at times had eleDiabetes mellitus. Table VI presents the data vation of the blood sugar, but it was not accomon: (A) " unregulated " diabetic patients and panied by acidosis or ketosis. (B) " regulated " diabetic patients. Cases in the Certain points emerge from a comparison of the " unregulated " group showed elevated sugar and two groups. In the unregulated patients there lowered carbon dioxide capacity of the blood, and was an increase in the B.B.S. in the blood, which in some cases was extreme. The degree of elevation was related more directly to the " clinical " condition of the patient than to the acidosis as measured by the carbon dioxide capacity, or even to the ketosis as measured by ketone bodies in the urine. It bore no relation whatever to the level of the blood sugar. After treatment with insulin and fluids, the B.B.S. rapidly returned to normal and again closely paralleled the clinical appearance of the patient. The level of the B.B.S. in the blood is an accurate index of the severity of the metabolic disturbances and of the success of therapy in diabetic patients. Tests for pyruvic acid were positive in the urines of several of the unregulated diabetic patients, a finding also recently observed by others (16) . The r6le of pyruvic acid in the acidosis and in the elevation of the B.B.S. in diabetes awaits further observations. Chronic organic heart disease. The association of cardiac disturbances with vitamin B1 deficiency has been established in animals (17, 18) . It is also generally recognized that cardiovascular dysfunctions occur in beriberi in the Orient (19, 20) and in vitamin " B " deficiencies in the United States (8, 9, 21). In order to determine what effect heart disease, with or without congestive failure, has on the B.B.S. in the blood, data were obtained on a control group of 35 patients with chronic organic heart disease without clinical evidence of vitamin deficiency. The data on this group are presented in Table VII: (A) " decompensated" patients with marked signs of congestive failure of the circulation; and (B) "compensated " patients with slight or no evidence of congestive failure. In the table the cases are arranged in order of clinical severity of decompensation, as determined by the amount of edema, venous distention, dyspnea, orthopnea and signs of pulmonary congestion that they manifested. It will be seen that in patients with organic heart disease there is a general correlation between the clinical severity of congestive failure and the elevation in the B.B.S. in the blood. The incidence of increased B.B.S. even in the decompensated group (52 per cent) was not so high as in patients with vitamin B1 deficiency (74 per cent), nor was the degree of elevation so great (average B.B.S. 6.2 mgm. as compared with 12 mgm. per 100 ml.). Thus congestive failure alone, without demonstrable vitamin deficiency, may be associated with increased B.B.S. in the blood. Congestive circulatory failure may therefore contribute to the elevation of the B.B.S. in certain cases of vitamin B1 deficiency with edema (" wet " beriberi). Following improvement under therapy with rest, digitalis and diuretics, the B.B.S. in the blood of cardiac patients returned to normal (Table  VII-B) .
Infections. The relationship of infection to vitamin deficiency and to the onset of clinical avitaminosis has often been commented on in the literature. The frequent occurrence of febrile episodes during the course of beriberi and pellagra and the aggravation of the symptoms of these diseases by infections have led many observers to accept the " infectious" theory of their etiology. Observations were therefore made on 17 patients with various infectious diseases in order to determine the relation of infection, and particularly of fever, to the B.B.S. in the blood. Table VIII presents the data on: (A) cases with febrile infections and (B) cases with infections which at the time of the measurements were afebrile. In none of the patients was there clinical evidence of vitamin deficiency. The cases are arranged in order of severity of the infection as judged from the height of the fever and the pulse rate, and from the degree of prostration of the patient.
There is a fairly close correlation between the elevation of the B.B.S. and the severity of the infection. That fever per se is not responsible for the increased B.B.S. is shown by Case 89, in which there was normal B.B.S. but high fever due to severe tuberculosis. Dehydration with reduced kidney function, and ketosis as evidenced by acetonuria, undoubtedly play contributing r6les. It is also possible that anoxemia, such as occurs in lobar pneumonia, may be a factor in the metabolic disturbances which are associated with increased B.B.S. in the blood of some febrile patients. With recovery the B.B.S. in these patients returned to normal (Cases 84, 85, 86, 87). Afebrile infections were not associated with an increase in the B.B.S.
Nephritis. Five patients with glomerulonephritis, 4 with nephrosclerosis and 1 with nephrosis were studied. Among the patients with glomerulonephritis the nonprotein nitrogen varied from 35 mgm. per 100 ml. to 162 mgm. with no elevation One patient suffering from epilepsy when placed on a therapeutic ketogenic diet showed an increase in B.B.S. to 21 mgm. per 100 ml. In this patient elevation of the B.B.S. occurred without any lowering of the carbon dioxide capacity of the blood. One patient with pernicious vom-The relationship of the B.B.S. to certain other iting and acidosis showed an elevation of the constituents of the blood B.B.S. to 13 mgm. per 100 ml.
Cases with multiple diseases. There were 7 cases in which a single diagnosis could not be made. In 5 of these the B.B.S. was elevated above normal limits. They were cases in which any one of the presenting diseases may be associated with an elevation of the B.B.S. The data on these patients are given in Table IX. Glucose. Under the conditions of the method outlined above, bisulphite is not bound by glucose. This was established by the following experimental considerations: (1) The addition of glucose to blood in vitro caused no change in the bisulphite binding power. (2) in the blood Eighteen patients showed B.B.S. ranging from 1.9 to 3.5 mgm. per 100 ml. Serum protein analyses were made on 8 of these patients. All 8 had hypoproteinemia. Low B.B.S. was found in 5 cases with heart disease of arteriosclerotic or hypertensive origin, in 4 cases of pregnancy, in 2 cases of cirrhosis, in 2 cases of nutritional deficiency, in 1 patient with chronic passive congestion of the circulation due to tricuspid stenosis, and in 1 case each of nephrosis, pernicious anemia, and severe secondary anemia. The most common finding associated with a lowering of the B.B.S. in this study was the reduction in the serum proteins. 
DISCUSSION
The observations presented indicate that elevation of B.B.S. in the blood is not specific in vitamin B1 deficiency, since it occurs iFn other diseases, such as diabetes mellitus, certain infectious diseases and severe congestive failure of the circulation caused by organic heart disease. In these diseases the total B.B.S. cannot always be accounted for by the presence of acetone and diacetic acid. In certain cases of vitamin B1 deficiency high B.B.S. in the blood was observed without acetone, diacetic or pyruvic acid in the urine, suggesting that other carbonyl compounds had accumulated in the blood. It is of significance that there were instances both of polyneuritis and of cardiac insufficiency of nutritional origin with low vitamin B1 intake in which the B.B.S. was normal. Thus a simple correlation was not found between the level of B.B.S., on the one hand, and the severity of the nutritional polyneuritis and cardiovascular dysfunction, on the other. These findings are not entirely in agreement with those of Platt and Lu, but they are in accord with the studies of de Jong (22) on pigeons with vitamin B1 deficiency. De Jong did not find a simple correlation between the manifestations of vitamin B1 deficiency and the B.B.S. in the blood. Polyneuritis of pigeons developed before the elevation of the B.B.S., and in one group of animals the disappearance of symptoms preceded the lowering of the B.B.S. Furthermore, symptoms of chronic polyneuritis were not accompanied by a rise in the B.B.S. in the blood.
Vitamin B1 deficiency in certain of the patients studied was associated with disturbance both of the fat and of the carbohydrate metabolism. This was shown not only by the increase in carbonyl substances other than acetone and diacetic acid, but also by hyperglycemia, which disappeared following treatment. 
